Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius ( C C) as follows:
INTRODUCTION
Suspended sediment is a major contaminant of our nation's rivers. Rivers draining the conterminous United States discharge an average of 491,449,600 tons per year, or 185 tons per square mile per year, to the oceans (Curtis and others, 1973) . Major localized sources of suspended sediment are exposed land surfaces that lack vegetative cover, such as tilled fields, surface mines, and construction sites.
State highway departments have been concerned about the potential impacts of highway construction sites on suspendedsediment discharges. One such site is Ohio State Route (SR) 315, which lies within the Olentangy River floodplain in Columbus, Ohio. Construction of this highway would be in close proximity to the stream channel, and possibly would result in higher suspended sediment inputs to the river. In turn, this sediment might adversely affect stream-channel characteristics, biological communities, and water quality. Purpose and Scope This report describes the sediment contributions of the SR 315 highway construction site and other land uses (residential and commercial) to the Olentangy River. The report presents the results of analyses of suspended sediment and streamflow data collected at six sites in the drainage basin.
The U.S. Geological Survey (USGS), in cooperation with the Ohio Department of Transportation (ODOT), began a 3-year monitoring program along the Olentangy River and its tributaries in August 1978 in an effort to quantify the impacts of the SR 315 construction.
Two gaging stations were established on the Olentangy River (one above and one below the highway-construction area), three stations were established on tributaries draining suburban land surrounding the highway-construction site, and one was located on the highway-construction site itself. A seventh location, also at the construction site, was occasionally sampled for instantaneous suspended sediment and streamflow. Using daily discharge and sediment-concentration data from these six stations, the amount of sediment contributed to this reach of the Olentangy River by the SR 315 construction could be quantified and compared to that from the surrounding suburban land.
Previous Studies Wolman and Schick (1967) were among the first to quantify large suspended-sediment yields from urban construction sites and evaluate their effects on stream channels. Vice and others (1969) monitored suspended sediment from highway construction in northern Virginia; 85 percent of the sediment delivered downstream resulted from that construction. Reed (1980) evaluated suspended-sediment control measures during interstate highway construction near Harrisburg, Pennsylvania. Ponds trapped from 70 to 80 percent of the suspended sediment; seeding and mulching decreased yields by 20 percent; and rock dams and hay trapped 5 percent. Yorke and Herb (1978) found that controls reduced suspended-sediment loads by 60 to 80 percent downstream of construction sites in suburban Maryland. They also showed that suspended-sediment yields increased with the proximity of construction to the stream channel. Bullard (1963) surveyed sediment problems associated with highway constuction, and presented guidelines for their avoidance. Many of these guidelines have become standard practice today. Richards and Middleton (1978) more recently described various traps, fences, and other procedures for reducing sediment losses during highway construction. Table 1 presents data from previous studies. Suspendedsediment yields from basins with various land uses, including those undergoing construction, are presented. Variations in yields from the construction sites can be attributed to (1) drainage area of the basin (smaller basins having greater percentages of disturbed land produce higher yields per acre), (2) proximity of construction to stream channels, and (3) use of sediment-control practices. On the basis of these data, suspended-sediment yields during highway construction would be expected to be 2 to 20 times the yields from undisturbed urban residential land.
Physical Setting
Columbus, Ohio is a city of over half a million people (U.S. Department of Commerce, 1981) . The total population of Columbus and surrounding areas in Franklin County is more than 850,000. The mean annual temperature is 52°F; the mean minimum temperature (in January) is 23°F, and the mean maximum temperature (in July) is 88°F (U.S. Department of Commerce, 1959) .
The Olentangy River basin is located in the till plains section of the Central Lowlands physiographic province (Fenneman, 1938) . Clayey and silty glacial till, the predominant surficial material, is underlain by Devonian shales and limestones (Ohio Department of Natural Resources, 1958) . Soils are of the Miamian series, are well-drained and highly permeable, and have moderate erosion potential (U.S. Department of Agriculture, 1980) . Texture classes are silt loams, loams, silty clay loams, or clay loams. Thus, the soils consist primarily of silt-sized particles, with clays the secondary component.
Precipitation averages 36.7 inches per year; April to July is the wettest period, and October and February generally are the driest months (U.S. Department of Agriculture, 1980) . Average annual streamflow for the Olentangy River near Worthington, Ohio is 13.1 inches (U.S. Geological Survey, 1982) . Flow in the river is regulated by a water-supply reservoir located.21 miles upstream of the project area. On November 27, 1978, the Olentangy River was permanently diverted through a 0.2-mile-long manmade section of channel to the east of the river's natural channel ( fig. 1 ). Highway construction was then begun in the vicinity of the natural channel. During the construction, several sediment-control measures were used on the project. Temporary seeding and mulching, and straw or hay bales reduced entrainment of sediment from overland runoff. Benches, dikes, dams, and sediment basins diverted and held back waters from the Olentangy until sediment could settle out. Channels were lined with rock fill and concrete riprap to prevent scour during high-flow events. Other measures such as jute and excelsion matting also were used.
Surrounding the 0.19-mi 2 construction site is 21 mi 2 of suburban land, which drains to the Olentangy River between the upstream and downstream gaging stations. Much of this area is residential, but there are also small shopping areas and office buildings. A part of a small private airport also is within the watershed.
Site Locations
Six stations were operated along the Olentangy River and its tributaries in Columbus, Ohio for this study. Their locations are shown in figure 1 and described in table 2. Upstream of all construction activity, the Olentangy River near Worthington (site A) monitored water and sediment entering the study reach. The Olentangy River at Henderson Road at Columbus (site G) was located at the study area's downstream end, and provided information on outputs of water and sediment discharge. Three representative tributaries to the river, Rush Run at Worthington (site C), Linworth Road Creek at Columbus (site D), and Bethel Road Creek at Columbus (site F) provided daily information on sediment derived from suburban land surrounding the SR 315 construction.
Daily water and sediment records for the construction site itself were difficult to obtain. Because of the close proximity of construction to the river channel, gaging stations downstream of the construction site could be flooded by backwater from the Olentangy River during all medium and high flows. After encountering backwater problems at several sites, one station was established on the construction site (unnamed tributary to the Olentangy River at Columbus, site E) in July 1979. It was as free from backwater as was possible on site. In addition to this station, a second location within the construction area (site B) was sampled during occasional storm events ( fig. 1 ).
On November 27, 1978, water began flowing through a new section of the channel of the Olentangy River created during the SR 315 construction. Discharge measurements and suspendedsediment samples were obtained in this new section on November 27 and 28. Water discharge at each site was determined by a digital stage recorder f which recorded values every 5 minutes. Stage data were converted to discharge data by means of a rating curve based on numerous discharge measurements over the range of stage (Carter and Davidian, 1968) . Suspended-sediment samples were collected periodically with DH-48 f DH-59, and D-49 samplers using the equal-width-increment method (Guy and Norman, 1970) . In addition, automatic pumping (PS-69 or Manning 1 ) samplers collected daily and storm-event samples. From 500 to 1,000 samples per station were collected each water year. No data were collected on bedload (particles too large to be suspended), as sediment of this size was not expected to result from soil erosion at the construction site.
Figure 2 displays coverage by a pumping sampler during one storm event. These were point samples representing only one depth and width position of the stream's cross section, and may not represent the concentration obtained if all points in the cross section were sampled. To relate these point samples to dischargeweighted samples representing the entire cross-section, concurrent point and standard manual samples were collected intermittently throughout the study over a range of discharges. Table 3 presents the weighting coefficients used to adjust point-sample concentrations to best match discharge-weighted concentrations for each station. These coefficients were determined by the slope of a least-squares linear regression relating the concentrations of concurrent discharge-weighted and point samples. Coefficients of 1.0 for the Olentangy River stations indicated that samples from a single point were not different from those representing the entire stream cross section at these sites. For the smaller streams, large differences between the sample types were found, indicating that automatic pump samples were not representative of smallstream discharge-weighted concentrations. Where two coefficients are presented, the slope of the relationship changed enough to warrant representation by two straight lines. This is attributed to the fixed intake point being at greater flow depths for largedischarge storms.
Rainfall was recorded at 5-minute intervals at all but one of the gaging stations. Tipping-bucket rain gages (one tip equal to 0.01 inch of rain) were used.
Use of trade names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. Daily suspended-sediment discharges were calculated for all stations from suspended-sediment concentration and streamflow data. For the construction-site station (site E), a sediment rating curve was developed for each water year. These logarithmic regression equations are given in table 4. Daily streamflow data were then input to the equation to produce daily suspendedsediment discharges.
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SUSPENDED-SEDIMENT CONCENTRATION, IN MILLIGRAMS PER LITER
For the other five stations, daily suspended-sediment discharges were calculated by multiplying the daily sample concentrations by the water discharge for each day without storm events. Computations for storm-event days used the mid-interval method of subdivision (Porterfield, 1972) using 5-minute intervals (Helsel f 1983) .
CONTRIBUTIONS OF SUSPENDED SEDIMENT
Suspended Sediment at Sites A-G Daily mean discharges for sites A, C f D f F, and G have previously been reported in annual water-data reports for Ohio (U.S. Geological Survey, 1982 Survey, , 1983 . Monthly totals of suspended-sediment load (tons), suspended-sediment yield (tons per square mile), streamflow (cubic feet per second-days), and discharge-weighted suspended-sediment concentration (milligrams per liter) for the study sites are given in tables 5 through 8. Yearly totals are given in table 9.
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1. Suspended-sediment loads at site D (upstream of construction) were multiplied by the ratio of the undisturbed drainage area at site E (below highway construction) to the drainage area of site D f to approximate the sediment load at site E due to sources other than construction. Because site E is actually downstream from site D, the undisturbed 0.42 square mile below site D is assumed to be similar to the 2.03 square miles above the site:
Undisturbed load at Site E = Site D load X 2.45/2.03
2. This undisturbed load was subtracted from the measured load at site E to give the amount due to highway construction within the watershed:
Site E construction load = Site E load -Undisturbed load 3. To estimate sediment load from the entire construction area, the site E construction load was multiplied by the ratio of total construction area to site E construction area. This assumes that the site E highwayconstruction yields are representative of the entire construction area: Construction = Site E construction load X 0.19/0.05 4. Average suburban suspended-sediment load was calculated by summing the loads from the three suburban watersheds, and multiplying by the ratio of total suburban drainage area between sites A and G to the total drainage area of the three watersheds. This assumes that these three watersheds are typical of the entire suburban area:
Suburban load = (loads from Sites C + D + F) X 20.81/3.90
5. The net suspended-sediment load between sites A and G f minus suburban and construction runoff loads, was attributed to erosion of the channel. Any other unknown sources would be included in this term:
Erosion load = Net load -Construction load -Suburban load.
Net Suspended Sediment Between Sites G and A Differences in sediment load between the site G (downstream) and site A (upstream) gaging stations were calculated for each day of the 3-year project. Streamflow and sediment load on any given day are not independent of those for the previous day. All statistical tests used in this report require such independence; for this reason, monthly sums were calculated and used in all subsequent statistical tests. Table 5 presents the monthly net suspended-sediment loads between sites G and A. The maximum monthly net load of 64,258 tons occurred in June 1981, and the minimum of -3,087 tons in December 1979. A typical monthly net load for the 3-year period is 2,733 tons. This is not the mean value, but the HodgesLehmann estimate (Hollander and Wolfe, 1973, p. 33) , which provides a more "central" value than the mean when the data are not normally distributed and are skewed.
A negative net sediment load signifies that deposition within the study reach exceeds the amount being added by tributaries and overland runoff within the reach. Negative net loads occurred for 5 months, all of which were in the period December through February. These were months of low precipitation and low storm intensities (light rain and snow). As most suspended sediment is transported during large storm events, it is not surprising that deposition, rather than transport, dominates during these months. The sediment deposited is available for later transport during higher streamflow events.
Net sediment yields, in tons per the 21-mi^ study-reach drainage area, are reported as "G-A" in table 6. Monthly streamflow contributed by tributaries within the study reach is listed in table 7, also as "G-A." Yearly totals for each are reported in table 9.
A Wilcoxon signed-rank test also was performed to determine whether the monthly differences in streamflow and sediment load between sites G and A differed significantly from zero (that is, did they increase going downstream). The null hypothesis was that there was no increase. Sediment load and streamflow both significantly increased going downstream at greater than a 99.9-percent confidence level (table 10) .
In summary, significant amounts of streamflow and sediment load were being added by tributaries draining to the Olentangy River within the study reach. These additions varied widely from month to month; the typical difference in sediment load between sites G and A was 2,733 tons per month, or 130 tons per square mile per month. Comparisons of Yields Among Sites A-G Monthly net suspended sediment yields, in tons per square mile, were compared for the six stations. Ranks of the monthly yields (1 = lowest, 216 = highest) rather than the yields themselves were input to an analysis of variance (ANOVA) test (Conover and Iman, 1976) . Ranks were used because the differences between data points and their station mean were not normally distributed as required by ANOVA. ANOVA1 s null hypothesis is that all yields are identical. The results, given in table 11, disprove this. Differences in sediment yields exist between the sites at greater than the 99.9-percent confidence level (P = 0.0001).
ANOVA does not indicate which yields differ from others. To do this, a Duncan's multiple range test was employed. Three groups of stations were found to be significantly different (95-percent confidence level), as shown in table 11. Stations within each group are not significantly different from each other. Two of the urban residential watersheds (C and F) produced the highest suspended-sediment yields. A second group of lower yields (sites D, E, G) follows, which includes the drainage from the construction site. Finally, the lowest sediment yields were found at site A, the upstream point of the study reach.
One notable result is that drainage below the construction area (site E) delivered no more suspended sediment per square mile than did drainage upstream of the construction area (site D). This is not surprising, however, if one considers that the SR 315 construction disturbed only 2 percent of site E's drainage area. Yields from the construction activity itself are discussed in a later section. Table 12 lists all net suspended-sediment loads and their three constituents suburban, construction, and erosional and other sources. Negative values for erosion are again interpreted as deposition within the channel. The 1979 water-year total for site E was estimated using the 3 months of data collected (table 9) divided by the fraction of yearly sediment discharged by suburban runoff for those 3 months in the other 2 years. Essentially no sediment was contributed by the SR 315 construction in the final year of monitoring. Suspended-sediment yields are shown in table 14. Highwayconstruction yields for this study fall within the range of yields cited in table 1. Suburban residential yields for this study are lower than the urban yield cited in table 1. This may be due to the suburban, rather than urban character of the lower Olentangy drainage basin. Overall net suspended-sediment yields between sites A and G are on the same magnitude of those for urban residential areas cited previously.
Effects of Highway Construction and Other Land Uses

Effects of Channel Realignment
On November 27, 1978, the Olentangy River was permanently diverted through a 0.2-mile-long manmade section of channel to the east of the river's natural channel ( fig. 1 ). Highway construction was then begun near the natural channel. Discharge measurements and discharge-weighted sediment samples were obtained 300 feet below the new channel section, as well as at both ends of the study reach (sites A and G). In figure 3 , these data for site G are shown. Table 15 presents the daily totals of suspended-sediment load at the three sites for November 27 through 29. No storm event occurred during this time, therefore, any sudden changes in streamflow or sediment concentration at the downstream site (G) are due to the channel-opening process. Streamflow and sediment concentrations at the upstream site (A) did not change during this ^time.
The daily suspended-sediment yield reported in table 15 for the Worthington gage was multiplied by 518 mi 2 to estimate the background sediment load expected at site G, had the new channel section not been opened (table 15) . At site G, 25.8 tons of sediment passed as a result of the channel realignment. This began at 1000 hours on November 27, 1978, and ended by 0200 hours on November 29, 1978, when concentrations returned to pre-opening levels. The load due to the channel realignment was 85 percent of site G's suspended load for that time period, and 26 percent of the suspended-sediment load for November 1978, a month low in sediment. It comprised 0.03 percent (or three ten-thousandths) of the sediment load at site G that water year, and 0.08 percent of the net yearly load between sites A and G. 1. Suspended-sediment loads were greater downstream of the project area than upstream. A typical monthly net difference was 2,733 tons, or 130 tons per square mile per month. This is much higher than the 185 tons per square mile per year calculated as a national average for higher-order streams (Curtis and others, 1973) . It is similar to yields from urban residential areas cited in previous reports. Yields (tons per square mile) from the highway construction site were within the range of those found in previous studies. Suburban residential yields were lower than yields from urban residential areas studied previously.
2. The net suspended-sediment load was low in months of low precipitation and streamflow. Highest loads were carried during months of high streamflow.
3. Three distinct groups of stations were differentiated on the basis of suspended-sediment yields per square mile per month. Lowest was the station upstream of Columbus (site A). Yields were intermediate at the downstream station (site G), for the suburban drainage above the construction site (site D), and at drainage below the highway construction (site E). Only the lower 2 percent of the drainage basin at site E underwent construction. Highest yields were from two suburban drainage basins (site C and F).
4. Monthly suspended-sediment loads at site G would have been 0 to 19 percent lower, had no highway construction taken place. The SR 315 construction added 0 to 4 percent of the yearly suspended sediment at site G compared with 8 to 47 percent at site G from suburban residential runoff.
5. Realignment of the Olentangy River channel produced 25.8 tons of suspended sediment over a 48-hour period. This was equivalent to 85 percent of the suspended load at site G for that 48 hours, but only 0.03 percent of the suspended sediment carried past site G in water year 1979, or 0.08 percent of the net load added within the study reach for that water year.
6. Suspended sediment produced by the SR 315 construction during the project period, although high on a per-drainage-area basis, was small in comparison to the amounts received by the Olentangy River from nonpoint suburban runoff and other sources.
